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Research was conducted during the summers of 1984 and 1985 in four,
rest-rotation pastures of the Wall Creek Grazing Allotment in the Gravelly
Range of southwestern Montana. Most cattle use was in meadows and use
of closed canopy forest was predominantly at the edges.
Ninety-five
percent of cattle use was on slopes of less than 30%. Cattle generally
became more widely dispersed and made greater use of steeper slopes the
longer they were in a pasture. Location of water sources was a major
determinant in cattle distribution, with three-fourths of cattle observations
within 200 m of water. Feeding activity was more frequent during the early
morning and early evening periods, with diurnal resting most frequent
during late morning. Cattle made greater use of steeper slopes for feeding
than for resting, and resting cattle used steeper slopes more during the
evening than during the morning or afternoon.
When in the same pasture, elk appeared to tolerate cattle only in low
densities. Elk generally avoided pastures being grazed, making relatively
greater use of rested pastures and of grazed pastures before and after
grazing. Elk made greater use of forest cover than cattle. However, this
difference appeared to be unrelated to cattle presence, with elk using more
forest cover in both grazed and ungrazed pastures. Elk also used steeper
slopes than cattle, apparently as a response to the presence of cattle.
Meadow sites heavily used by cattle during the previous year were avoided
by elk during the early summer. Elk were rarely observed in close proximity
to cattle and probably made greater use of grazed pastures during
nocturnal hours when most cattle were bedded in compact groups.
Closing of gates following cattle rotations between pastures permitted elk
to freely use pastures after cattle grazing. Gates left open after rotations,
allowing cattle simultaneous use of more than one pasture, discouraged use
by elk.
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Chapter 1
CATTLE DISTRIBUTION AND ACTIVITY ON
SUMMER RANGE IN SOUTHWESTERN MONTANA

INTRODUCTION
Understanding the factors influencing spatial and temporal distribution of
v

cattle (Bos taurus) is essential when managing rangelands for long-term benefits.
Manipulation of these factors can alleviate range deterioration that results from
over-concentration and can be used to minimize conflict with wildlife.
complex

of

physical, temporal,

and

behavioral

parameters that

affect

The
cattle

distribution includes climatic conditions, range condition, slope steepness, distance
from water or salt, time, and activity.

Climatic conditions, e.g. temperature,

humidity, and wind speed and direction, have been shown to exert significant
influence on patterns of cattle distribution (Arnold and Dudzinski 1978).

Range

condition and the distribution of preferred forage have been suggested as primary
influences on cattle distribution (Herbel et al. 1967, Senft et al. 1985a).

Slope

steepness has been indicated as an important influence on cattle distribution
(Julander and Robinette 1950, Julander 1955, Gonzalez 1964, Mueggler 1965, Little
1971, Patton 1971, Roath and Krueger 1982, Van Vuren 1982, Pinchak 1983).
Distance from water has also frequently been suggested as an important factor in
the distribution of cattle (Campbell 1943, Valentine 1947, Julander 1955, Phillips
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1965, Cook 1966, Herbel et al. 1967, Patton 1971, Miller and Krueger 1976, Hodder
and Low 1978, Bryant 1982, Van Vuren 1982, Miller 1983, Pinchak 1983).

Cattle

grazing activity has been found to be largely diurnal, with major grazing periods
around sunrise and before sunset (Culley 1938, Hancock 1953, Peterson and
Woolfolk 1955, Sneva 1970, Arnold and Dudzinski 1978, Roath and Krueger 1982,
Krysl et al. 1983).

The objective of this study was to evaluate the effects of

vegetational cover type, slope steepness, aspect, elevation, distances from water
and salt, time of day, time of season, and activity on the summer distributional
patterns of cattle.

Study Area
Research was conducted during the summers of 1984 and 1985 in four
pastures comprising 3,745 ha of the Wall Creek Grazing Allotment, located on the
east slope of the Gravelly Range in southwestern Montana (Fig. 1-1).

A general

description of the physiography and vegetation of the region has been presented
by Eustace (1967).

More than 60% of the study area is forested, most (44%) in

dense, largely closed canopy forest
Engelmann

spruce

(Picea

of lodgepole

engelmannii).

pine (Pinus contorta)

Approximately

18%

of

the

area

composed of open canopy forest, primarily whitebark pine (Pinus albicauMs).

and
is

Small

scattered stands of aspen (Populus tremuloides) form about 1% of the area,
primarily at lower elevations.

Meadows of grassland and big sagebrush (Artemisia

tridentata) comprise the remaining 38% of the study area, with the larger meadows
in the middle to upper elevations.

Elevations range from 2,160 to 3,020 m, and

topography is steep to gently rolling.

Two of the four pastures in the study area

BUTTE

BUCK'S
Ml- . NEST

ALLOTMENT

KM

Fig. 1-1. Wall Creek Study Area.
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are at elevations ranging from 2,160 to 2,680 m; the other two lie between 2,370
and 3,020 m. The pastures vary in size, with one large (1,215 ha) and one smaller
(515 ha) upper pasture and two lower pastures of approximately 1,000 ha each.
Mean annual precipitation is 41 cm at the nearest weather recording station
at Virginia City, Montana, approximately 40 km north of the study area (National
Climatic Data Center 1985).

Below normal precipitation was recorded during the

January-June periods for 1984 and 1985. Precipitation during July and August was
42% above normal in 1984 and 21% below normal in 1985.

Temperatures were

below normal during July and August 1984 and above normal during July and
below normal during August 1985 (National Climatic Data Center 1984, 1985).
The study area was grazed by approximately 850 Hereford and Angus cattle
(cows, calves, and yearlings) on a rest-rotation basis from mid-July to midSeptember, with rotations between pastures at 2- to 4-week intervals.

Each year,

three pastures were grazed sequentially and the fourth rested, an upper pasture
during 1984 and a lower pasture during 1985.

Moving cattle from one pasture to

another was usually accomplished within 2-3 days and cattle were generally
restricted to grazing one pasture at a time. On occasion, however, as many as 150
cattle gained access to adjacent pastures for brief periods. During 1985, when the
upper gates were left open following the move between the two upper pastures in
mid-August, cattle had access to both pastures.

Though most cattle remained in

the new pasture, an unknown number were present in the previously grazed
pasture throughout most of the grazing season. Transfers between pastures were
coordinated by the allotment rider who had relatively little influence on cattle

distribution after the moves, except while occasionally deterring cattle from leaving
the allotment and while distributing salt.
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METHODS
Cattle distribution and activity patterns were determined from transects and
observations.

In each pasture, belt transects 1.8 m in width and from 6.9 to 12.7

km in length were categorized into segments by cover type, slope, aspect, and
elevation.

In 1985, edge segments for grassland, sagebrush, and closed canopy

forest cover types were added to all transects. Edges consisted of the area of the
transect within approximately 15 m of the adjacent cover type.

While running a

transect count, cow chips of the year were enumerated in each segment after first
distinguishing

them

from

the

decomposition and desiccation.

previous

year's

droppings

by

the

degree

of

On each successive transect run, cattle use was

found by subtracting the number of current-year cow chips counted on the
previous run from the number just counted.
required a full day to complete.

Transects in each pasture usually

Transects were sampled in all pastures a few

days prior to each cattle rotation and, in the upper two pastures, a few days after
cattle were moved into the pasture.
Supplemental to the tallies of cow chips made during the summer of 1985,
ground observations of cattle were made while walking through or viewing the
grazed pasture from selected vantage points.

The following data were recorded

for these observations: date, time of day, group size, activity (resting, feeding, or
trailing), cover type, edge or interior of cover type, slope, aspect, elevation, and
distance from water and salt.

An effort was made to sample all areas of the

pasture, though travel was more efficient and visibility obviously greater in
meadows than in forests.

Observations were mostly made during diurnal periods,
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with more time spent observing cattle during afternoons and less during evenings
and mornings. Only limited nocturnal observations were made.
Statements of cattle use of cover types, elevations, and slopes are based
upon

transect

results,

unless

specific

reference

to

observations

is

made.

Statements of selection or avoidance are based upon use and availability analysis,
using the chi-square test and the Bonferroni z statistic, after Neu et al. (1974).
Statistical significance is at the 0.05 level. Use is derived from the number of cow
chips observed in a particular category, and availability is derived from the number
of cow chips expected in that category based upon the proportion of that category
sampled on the transects.

Observations form the basis for evaluation of distance

from water or salt and activity patterns.
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RESULTS
Cover Types
Meadows of grassland and sagebrush received the most cattle use during
both years, with 70% and 81% of cattle use in these cover types during 1984 and
1985, respectively (Figs. 1-2 and 1-3).

Selection for grasslands was found during

1985 and avoidance of closed canopy forest was noted during both years.

No

selection or avoidance was found for other cover types, with cattle use not
significantly

different

from

availability.

Observations

during

1985

generally

supported results obtained from transects, with 85% of cattle observed in meadow
(grassland and sagebrush) cover types (Fig. 1-3).

However, fewer cattle were

observed in grasslands and more in sagebrush, in comparison to transect results.
Trends in cattle use within pastures varied between years and among
pastures.

Use of meadows declined and forest use increased between July and

early August in the lower pasture grazed at the beginning of the 1984 rotation.

A

reverse trend of increased use of meadows occurred in the upper pasture grazed
during August 1984.

Use of the lower pasture grazed during September 1984, at

the end of the rotation, was predominantly in meadows (79%) and open canopy
forest (13%).

During the 1985 grazing season, however, use of meadows in the

two upper pastures grazed during July and August remained high, between 81%
and 92%.

Meadow use was also high (68%) in the more heavily forested lower

pasture grazed during September 1985.
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Fig. 1-2.

OPEN
FOREST

CLOSED
FOREST

ASPEN

Cattle use of five cover types on the Wall Creek Study Area
during 1984, expressed in proportions of cow chips recorded on
transects, n = 1,522. * = p < 0.05 and + = p < 0.10.
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1985
Percent
Trans.

GRASSLAND SAGEBRUSH

Fig. 1-3.

OPEN
FOREST

CLOSED
FOREST

ASPEN

Cattle use of five cover types on the Wall Creek Study Area
during 1985, expressed in proportions of observations of cattle
and from cow chips recorded on transects, n = 537 observations
and 2,283 cow chips. * = p < 0.05.
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Cattle made relatively little use of meadow and open canopy forest edges,
with 8% of observations recorded in grassland edge, 4% in sagebrush edge, and
7% in open canopy forest edge. Transects recorded 6% use of open canopy forest
edge.

However, most use of closed canopy forest was in the edge, with 92% of

observations and 59% of cow chips in closed forest within 15 m of the forest
edge, usually adjacent to grasslands or sagebrush.

Elevation
Cattle use of the lower pasture grazed at the beginning of the 1984 season
was fairly evenly distributed between upper and lower elevations, with only a slight
shift in use toward higher elevations at the end of the grazing period.

Use of the

upper pasture grazed during August 1984 shifted from entirely below 2,530 m
during the first week of grazing to fairly equal distribution above and below 2,530
m during the remainder of the grazing period.

Use of the lower pasture grazed

during September 1984 was largely in the lower elevations, below 2,440 m.
In the upper pasture grazed during July and August 1985, no use was
recorded in the upper elevations, above 2,620 m or away from the lower turn-in
gate, during the first week of grazing.

Use then shifted to an even elevational

distribution during the remainder of the grazing period, with most of the use in the
middle elevations by the end of the grazing period.

In the upper pasture grazed

during August 1985, use also shifted to higher elevations during the latter half of
the grazing period.
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Slope Steepness
During the two grazing seasons, cattle made greatest use of gentle and
moderate slopes, selecting for slopes of less than 10% (Table 1-1).

Eighty-four

percent of all cattle use was on slopes of less than 20%, with only 4% use on the
steepest slopes, those of more than 30%.

Observations during 1985 supported

transect results, with an even greater proportion of cattle (90%) observed on
slopes of less than 20%.

Table 1-1.

Cattle use of gentle and steeper slopes, expressed in numbers
and proportions of cow chips counted and expected on
transects during 1984 and 1985 combined, n = 3,805.

Percent Slope
0-9

10+

Observed Number
1»312
Observed Proportion 0.3^5

2,493
0.655

Expected Number
992
Expected Proportion 0.261

2,813
0.739

X2 = 139.6, p < 0.001

In three of the four pastures in which trends could be determined, use
shifted from gentler to steeper slopes during the grazing period.

In the lower

pasture grazed during July 1984, use of slopes of less than 10% declined from
49% during the first 2 weeks to 15% during the final week of grazing.
slopes of 20% or more increased from 12% to 41%.

Use of

In the upper pasture grazed

during August 1984, use of slopes of less than 10% declined from 77% during the
initial week to only 20% during the peak of grazing, though use of slopes of more
than 20% never exceeded 4%.
A movement from gentle to steeper slopes was also recorded in the upper
pasture grazed during July and August 1985, when use of slopes of less than 10%
declined from 58% during the first week of grazing to 26% during late July.

A

reversal of the general trend was noted in the upper pasture grazed during August
1985, when use of slopes of less than 10% increased from 21% during early
August to 29% during late August.

Distance from Water and Salt
During the 1985 grazing season, the mean distance cattle were observed
from water was approximately 240 m and the mean distance from salt was about
400 m.

Mean distance from water increased from about 210 m during July and

August to about 380 m during September. Mean distance from salt increased from
about 380 m during July to about 420 m during August and decreased to about
340 m during September. Seventy-four percent of the cattle were observed 200 m
or less from water, with only 5% as far as 800 m from water. Forty-seven percent
were 200 m or less from salt, with 17% as far as 800 m from salt, and 1% up to
1,600 m from salt.

Except when actually at water, cattle use of steeper slopes,

those of 10% or greater, was within 200 m of water, with use of steeper slopes
declining with distance from water.
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Activity
Distinct diurnal activity patterns were noted from observations during 1985.
Cattle fed most during the early evening (6 to 9 p.m.), when 85% of all cattle
observed were feeding, and during early morning (6 to 9 a.m.), when 72% were
feeding.

Cattle were most frequently observed resting during the late morning (9

a.m. to 12 noon), with 55% resting during that period, and during the afternoon,
with 42% resting.

Trailing was most frequently noted during the early morning,

when 15% of the observed cattle were traveling. The proportion of cattle traveling
decreased steadily during the diurnal period, to a low of 4% trailing during early
evening.

During limited nocturnal observations, most cattle were bedded, with

feeding rather local and sporadic. No nocturnal traveling was noted.
Eighty-five percent of all cattle observed were on east aspects, and more
(52%) were on southeast than northeast (33%) aspects, reflecting the predominant
exposure of the area.

Use of southeast aspects for feeding and resting increased

during the diurnal period, while use of northeast aspects decreased from morning
until evening.
Sixty percent of resting cattle were observed on slopes of less than 10%,
with only 2% on slopes of 20% or more. Use of slopes of 10% or more for resting
decreased from 41% during the morning to 36% during the
increased to 62% during the evening.

afternoon

and

Feeding cattle were on steeper slopes, with

only 36% observed on slopes of less than 10% and 13% on slopes of 20% or
greater.

Use of slopes by feeding cattle remained relatively stable, with 65%

feeding on slopes of 10% or more during the afternoon, compared to 62% and

15

64% during the morning and evening, respectively.

Trailing cattle were nearly

equally distributed on slopes of more or less than 10%; however, greatest use of
steeper slopes for trailing was noted during the afternoon and greatest use of
gentler slopes during the evening.
All 606 cattle observed resting in closed forest were at the edge.

However,

cattle observations not included in this sample were occasionally of resting
animals in closed forest away from edge areas. Of 191 cattle observed feeding in
closed forest, 94% were at the edge, and of 77 trailing cattle, only 21% were at
the edge.

Grassland edge received much less relative use, with only 6% of 1,755

resting cattle at the edge of the grassland.

Ten percent of 2,450 cattle observed

feeding in grassland and 2% of 387 trailing cattle were at the edge.
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DISCUSSION
Cattle tended to select meadows and avoid dense forest.

The rather limited

use of closed canopy forest was predominantly in the edge, adjacent to meadows.
A preference for open areas (meadows) and avoidance of dense forest was also
recorded for the Blue Mountains of Oregon (Pickford and Reid 1948) and from
foothill range in southwestern Alberta (Berg and Hudson 1982).

That use of

meadows is related to forage preference and availabililty was noted by Herbel et
al. (1967) who concluded that preferred forage distribution was the primary
influence on cattle distribution on a southern New Mexico range.

Senft (1986)

found that pasture composition was the dominant factor in cattle distribution on
forested mountain range in Utah.
The shift in use from meadows to forests in the more heavily forested lower
pasture grazed early in the 1984 season was an apparent response to forage
depletion in meadows.

The lack of increased use of forests in the upper pastures

and the actual increase in use of meadows in an upper pasture during 1984 may
be due to the greater proportion of meadows in the upper pastures and, during
1984, the larger size of the grazed upper pasture and excellent growing conditions
throughout August. Meadow vegetation was still green by late August 1984.
Patterns of elevational use were influenced by turn-in point and by the
length of time in the pasture.

When cattle entered pastures from below, they

usually

at

remained

concentrated

dispersing into higher elevations.

lower

elevations

for

several

days

before

When cattle entered a lower pasture from the

upper elevations, most soon moved to lower elevations. This only occurred during

17

September, and movement to lower elevations may have been related to colder,
wetter weather.
Slope steepness was a primary factor in determining cattle distribution, with
cattle selecting for gentle slopes, those of less than 10%.
cattle use was on slopes of 30% or greater.

Only 4% of recorded

However, cattle were occasionally

noted on slopes of up to 45%. Cattle tended to disperse to steeper slopes as the
grazing period progressed, an apparent response to forage depletion on gentler
slopes.

This trend could be related to social intolerance, though I found no

evidence to support this argument.
Slope steepness was regarded as a major influence on cattle distribution and
use on mountain summer range in Utah (Julander and Robinette 1950, Gonzalez
1964, Julander and Jeffery 1964, Cook 1966, Van Vuren 1982); on mountainous
bunchgrass range in southwestern Montana (Mueggler 1965), Idaho and Neveda
(Phillips 1965), and the Blue Mountains of Oregon (Roath and Krueger 1982); on
foothill range in southwestern Alberta (Berg and Hudson 1982); and on foothill
range in southeastern Wyoming (Pinchak 1983).

Slope steepness as a functional

barrier was suggested by Pinchak (1983), who found slopes exceeding 20% to be
limiting.
slope.

Berg and Hudson (1982) found that 71% of cattle were on less than 10%
Results of my study indicate a somewhat higher slope threshold; about

35% of cow chips were on less than 10% slope and 84% were on less than 20%
slope.

Important factors affecting slope threshold are the availability of steeper

slopes and the cover types found on steeper slopes.

Greater use of steeper

slopes was found in a lower pasture with more meadows on steep slopes than in
an upper pasture with more extensive meadows on more moderate slopes.
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Water distribution also
distribution.

appeared to

be

a

major

determinant in cattle

Three-fourths of observed cattle use during 1985 was within about

200 m of a water source.

Only 5% was 800 m or more from water. Proximity to

water

September, probably

decreased

during

a

reflection

of

cooler,

conditions during that period and forage depletion near water sources.

wetter
Use of

steeper slopes declined with distance from water.
Distance from water was also considered a primary influence on cattle
distribution and use by Glendening (1944) in Arizona, Valentine (1947) in New
Mexico, Julander and Jeffery (1964) in Utah, Phillips (1965) in Idaho and Nevada,
Cook (1966) in Utah, Mackie (1970) in the Missouri Breaks of central Montana,
Miller and Krueger (1976) in Oregon, Hodder and Low (1978) in Australia, Roath and
Krueger (1982) in Oregon, Van Vuren (1982) in Utah, Miller (1983) in the Red Desert
of Wyoming, and Pinchak (1983) in Wyoming.

My findings support those of

Pinchak (1983) who reported that as time in pasture advanced, cattle grazed further
from water. The relationship between distance from water and use of slopes was
also reported by Cook (1966), Patton (1971), Roath and Krueger (1982), and Pinchak
(1983).

Roath and Krueger (1982) found a slope threshold at which distance from

water and vertical rise above water limited cattle dispersion. Pinchak (1983) found
that cattle were effectively concentrated on level areas beyond 500 m from water.
I noted no distinct threshold but rather a relatively gradual decline in use of
steeper slopes with increasing distance from water.
Saltblock locations were less influential than water in the distribution of
cattle, with 47% of cattle noted within about 200 m of salt, 17% up to 800 m or
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more, and 1% as far as 1,600 m from salt.

An overestimation of distances from

salt may have occurred due to a discrepancy between perceived and actual salt
locations.
Cattle exhibited distinct activity patterns. They generally began the day with
an active feeding or traveling period during the early morning, often including a
trip to water, followed by a midday rest period.
period up to one-half or more were feeding.

However, even during this rest

Another major feeding period was

noted at the close of the day, when little traveling occurred.

Little activity was

noted during the night, with most cattle bedded until near dawn.

A shift from

northeast to southeast aspects during the day is not readily explained.
Cattle used steeper slopes for feeding than for resting, though they made
greater use of steeper slopes for resting in the evenings than during the remainder
of the day

Nearly all feeding or resting in closed canopy forest was at the edge;

only trailing activity in closed forest was predominantly away from edges, in the
forest interior.

Senft et al. (1985b) found that a significant portion of daytime

resting occurred near water.
The spatial and temporal distribution of cattle is dependent upon numerous
interacting factors, including, but not limited to, those discussed here.

The

significnace of any one factor, such as slope steepness, is often influenced by
others, such as water or salt distribution, cover types and interspersion, range
condition, local weather conditions, time in pasture, and perhaps breed , of cattle.
The need exists for the development of an integrated predictive model of cattle
distribution and behavior.

Attempts have been made, most recently by Senft et al.
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(1983), in relatively

small

unforested

pastures.

Vegetative

and

topographic

complexity, large pasture sizes, and sampling design limitations precluded the
formulation of a predictive model from my data.

However, my findings, combined

with the results of similar studies, can contribute to a more comprehensive
understanding of cattle distribution and behavior.
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Chapter 2
ELK AND CATTLE RELATIONSHIPS ON
SUMMER RANGE IN SOUTHWESTERN MONTANA

INTRODUCTION
Efforts to understand the relationships between cattle (Bos taurus) and elk
(Cervus elaphus) have received considerable attention from wildlife and range
managers. To properly manage either species and the range resource upon which
they depend, it is important to determine if a competitive interaction exists and, if
so, to what extent and under what circumstances. Early emphasis on this question
centered on forage relationships, and diet similarities between cattle and elk have
been well documented (Stevens 1966, Mackie 1970, 1976, Stark 1973, Hansen and
Reid 1975, Nelson and Burnell 1976, Howes 1977, Yeo 1981).

Forage competition

has been noted on elk winter ranges (Smith 1961, Snyder 1966) but considered
insignificant

on

summer

ranges (Stevens

1966, Eustace

1967, Howes

1977).

However, indirect competition in which cattle density influenced elk use has been
recognized (Jeffrey 1963, Skovlin et al. 1968, Grkovic 1976, Howes 1977, Wittinger
1978, Yeo 1981, Wallace and Krausman 1987).

Nelson and Burnell (1976) , Lonner

(1979), and Lonner and Mackie (1983) documented the movement of elk out of
spring-summer range as an apparent response to the introduction of cattle.
Painter (1980) developed a model that predicted elk use with respect to cattle
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densities on summer range, suggesting a threshold level at which elk would avoid
areas grazed by cattle.

Behavioral compatability between cattle and elk was

suggested by Rognrud (1951), Hancock (1955), Oakley (1971), and Mcintosh and
Krausman (1982).

Ward et al. (1973), also reported some concurrent use by cattle

and elk on summer range.
In light of this conflicting evidence, Nelson (1982) stressed the need for
further research on the relationships between elk and cattle and, in particular, on
the effects of disturbance competition.

Disturbance competition as defined by

Nelson (1982) is a passive form of social interaction in which the presence of an
animal in an area induces another to leave the area.

The objective of this study

was to examine the interaction between elk and cattle on summer range by testing
the following hypotheses:
- elk use of rested pastures will not differ from use of grazed pastures;
- elk use of pastures before and after the introduction of cattle will not
differ from use during the presence of cattle in the pasture;
- elk use of pastures rested the previous year will not differ from use of
pastures grazed the previous year;
- elk use of forest cover will not differ among rested and grazed
pastures or between grazed and ungrazed periods within a pasture,
and;
- elk use of slopes and elevations will not differ among rested and
grazed pastures or between grazed and ungrazed periods.
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Study Area
Research was conducted in four pastures comprising 3,745 ha of the Wall
Creek Grazing Allotment, located on the east slope of the Gravelly Range in
southwestern Montana (Fig. 1-1).

A general description of the physiography and

vegetation of the area has been presented by Eustace (1967).

Study

area

elevations range from 2,160 to 3,020 m, and topography is steep to gently rolling.
Vegetation is a mosaic of coniferous forests, grassland and sagebrush meadows,
and small amounts of aspen (Populus tremuloides).
Mean annual precipitation is 41 cm at the nearest weather recording station,
Virginia City, Montana, which is approximately 40 km north of the study area
(National Climatic Data Center 1985).

Below normal precipitation was recorded

during the January-June periods for both 1984 and 1985.

However, precipitation

during July and August was 42% above normal during 1984 and 21% below normal
during 1985 (National Climatic Data Center 1984, 1985).
Two of the four pastures in the study area are at lower elevations, from
2,160 m to 2,680 m, and two at higher elevations, from 2,370 m to 3,020 m.

The

study area was grazed by approximately 850 cattle (cows, calves, and yearlings) on
a rest-rotation basis from mid-July to mid-September, with rotations between
pastures at 2- to 4-week intervals.

Each year, three pastures were grazed

sequentially and the fourth rested, an upper pasture during 1984 and a lower
pasture during 1985.
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METHODS
Counts of fecal deposits on transects were used to estimate patterns of use
and distribution of cattle and elk.

In each pasture, belt transects 1.8 m in width

and varying from 6.9 to 12.7 km in length were stratified into segments by cover
type, slope, aspect, and elevation.

Cover types were categorized as grassland;

sagebrush; open canopy forest - largely whitebark pine (Pinus albicaulis); closed
canopy forest - mostly lodgepole pine (Pinus contorta) and Engelmann spruce
(Picea engelmannii); and aspen.

For most analyses, cover types were combined

into either meadows (grassland and sagebrush) or forests (open and closed forests
plus aspen).

Edge segments were added in 1985.

Edges are defined as the area

of each transect within approximately 15 m of an adjacent cover type.

All fecal

deposits of cattle and elk were classified by age or removed from the transect to
avoid recounting. The term "pellet" is used to describe all elk droppings, and "cow
chip" is used to describe cattle droppings.
required a full day to complete.

Transects in each pasture usually

In all pastures, transects were sampled during

early July, a few days preceeding movement of cattle onto the study area.
Transects were also sampled in all pastures a few days prior to each cattle
rotation between pastures, and, in the two upper pastures, a few days after cattle
were moved in.
Total counts of pellets were used to compare elk use between years on the
entire study area and within pastures.

Comparisons of season-long use among

pastures were derived from counts of elk pellets converted to pellet densities
based on the area sampled by the transect in each pasture. Statements of elk use
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were derived from the number of elk pellets recorded on transects.

Relative elk

use was based on pellet densities.
Ground

observations

of

determining patterns of use.

cattle

and

elk

supplemented

transect

data

in

The following data were recorded for ground

observations: date, time of day, group size, activity, cover type, slope, aspect,
elevation, and distance from water and salt.

Patterns of elk use were also

determined from locations of radio-instrumented and neckbanded elk.

Locations

were made through radio tracking efforts on the ground and from locations made
during survey flights by biologists of the Montana Department of Fish, Wildlife and
Parks. Three flights were made over the study area during the 1984 grazing period
and two flights during 1985.
For ease of reference, the following abbreviations are used for pastures: UN
(upper north), US (upper south), LN (lower north), and LS (lower south). Chi-square
analyses were used for all statistical comparisons of elk use, with significance at
the 0.05 level.
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RESULTS
Upper and Lower Pasture Comparisons
Relative elk use was greater in the upper than in the lower pastures during
both years (Fig. 2-1).

However, resting an upper pasture seemed to influence elk

use of both upper pastures as well as the entire study area.

When an upper

pasture was rested during 1984, relative elk use of both upper pastures combined
(403 pellets/ha) was over 4 times greater than during 1985 (94 pellets/ha), when
both upper pastures were grazed.

Elk use of all four pastures was nearly 3 times

greater during 1984 than during 1985 (703 and 248 pellets, respectively, Table 2-1).

Upper Pasture Comparisons
Relative elk use during 1984 was 34% higher in the rested pasture than in
the grazed upper pasture (Fig. 2-1).

During 1985, when both upper pastures were

grazed, the pasture grazed during 1984 received 21% more relative elk use than
the pasture rested during 1984. Though the number of elk pellets recorded in the
upper pastures declined by 76% between 1984 and 1985 (Table 2-1), a significantly
greater decline was recorded in the 1984 rest pasture (Table 2-2).

Elk use of the

upper pasture rested during 1984 and grazed during August 1985 (UN) decreased
between July and August during both years.

However, the decline in use was

significantly greater for that period during 1985, the year the pasture was grazed
(Table 2-3).
During the 1984 grazing season, elk use declined in both upper pastures
(Table 2-1).

The decline, between first and last transect runs, was significantly

greater in the grazed US pasture than in the rested UN pasture (Table 2-4).
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Fig. 2-1.

Relative elk use of the Wall Creek Study Area during 1984 and
1985, expressed in densities of pellets derived from transect
counts.
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Table 2-1.

Elk use of the Wall Creek Study Area during 1984 and 1985,
expressed in number of pellets counted on transects. (G) =
During cattle grazing.

1984
Pasture
Transect (Rested)
Times
UN
US
Late July
Mid-Aug.
Late Aug.
Mid-Sept.

LS

LN Totals

115
34

14(G) 5
141
304
95
95
48(G) 16
215
36
8(G) 89
4
43

293

288

144

73

49

703

1985
Pasture
Transect
Tines
Mid-July
Early Aug.
Mid-Aug.
Late Aug.
Mid-Sept.

UN

US

LS

52
KG) 27

45
5
0(G) 8
4
25
54

86

(Rested)
Totals
LN

2

18
9
30(G) 22
75

33

52
75
5
35
81
248
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Table 2-2.

Elk use of the upper pastures during 1984 and 1985, expressed
in number of pellets counted on transects and proportions of
pellets (in parenthesis). R = Rested.

Pastures

Year
1984
1985

UN

US

293(.50)R
54(.39)

288(.50)
86(.61)

347
374
X2 = 6.2, p = 0.013

Table 2-3.

Total
581
140
721

Elk use of UN pasture during July and August 1984 and 1985
expressed in number of pellets counted on transects and
proportions of pellets (in parenthesis). G = Grazed.

Year

Month

1984

July
August

144(.76)
115(.96)

1985
45(.24)
5(.04)G

259
50
X2 = 18.9, p < 0.001

Total
189
120
309
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Table 2-4.

Elk use of the upper pastures on the first and last transect runs
during 1984, expressed in number of pellets counted on
transects and proportions of pellets (in parenthesis).
(G) =
Grazed.

Pastures
Transect
Time

UN

US(G)

Total

Late July
Mid-Sept.

144(.51)
34(.89)

141(.49)
4(.11)

285
38

178
145
X2 = 20.5, p < 0.001

323

Lower Pasture Comparisons
Relative elk use during 1984 was nearly identical in the lower pastures (Fig.
2-1), both of which were grazed by cattle.

During 1985, relative elk use was

lowest in the rested pasture. However, elk use of each of the lower pastures was
similar during 1984 and 1985 (Table 2-1), with no significant difference in elk use
of the two pastures between the 2 years (Table 2-5).
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Table 2-5.

Elk use of the lower pastures during 1984 and 1985, expressed
in number of pellets counted on transects and proportions of
pellets (in parenthesis). R = Rested.

Pastures

Year

LS

1984
1985

73(.60)
75(.69)

LN
49(.40)
33(-31)H

148
82
X 2 = 2.3, p = 0.124

Total
122
108
230

Elk use increased between August and September 1984 in the pasture
ungrazed during that period (LS) and decreased in the pasture grazed during
September (Table 2-1). This change in use between the pastures was significantly
different (Table 2-6).

Elk use increased in both lower pastures between August

and September 1985, with no significant difference in the increase between the
rested and the grazed pasture (Table 2-7).

September elk use in the lower

pastures was significantly greater during the year they were either ungrazed during
September or rested the entire year than during the year they were grazed (Table

2-8).
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Table 2-6.

Elk use of the lower pastures during August and September
1984, expressed in pellets counted on transects and proportions
of pellets (in parenthesis). G = During cattle grazing.

Pasture

Month

LN

LS

August
16(.31)
September 43(.84)

36(.69)
8(.16)G

44
59
X2 = 30. , p < 0.001

Table 2-7.

Total

52
51
103

Elk use of the lower pastures during August and September
1985, expressed in pellets counted on transects and proportions
of pellets (in parenthesis). G = During grazing.

Pasture

Month

August
September

LS

18(.67)
30(.58)G

LN

9(.33)
22(.42)

48
31
X2 = 0.6, p = 0.439

Total

27
52
79
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Table 2-8.

Elk use of the lower pastures during September of 1984 and
1985, expressed in pellets counted on transects and proportions
of pellets (in parenthesis). G = During cattle grazing.

Pasture

Year

LS

1984
1985

LN

43(.84)
8(.16)G
30(.58)G 22(.42)
74
30
X2 = 8.8, p < 0.004

Total
51
52
103

Cover Type
During 1984, elk use of forest cover was greater than expected, based on
availability, in three pastures.

There were significant differences in the upper

rested pasture and grazed LN pasture, and no significant difference in the upper
grazed pasture (Table 2-9).

Elk use of forests was less than expected in the

grazed LS pasture during 1984, though the difference from expected values was
not significant (Table 2-9).

Elk use was less than expected in forests in all four

pastures during 1985, though the differences were not significant (Table 2-9). Use
of forests decreased in all pastures between the 2 years and was significantly less
in UN, the 1984 rested pasture, and LN, the 1985 rested pasture but not in US or
LS pastures (Fig. 2-2).
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Table 2-9.

Elk use of meadow and forest cover types during 1984 and
1985, expressed in numbers of pellets counted on transects and
based on the proportion of each cover type sampled on pellet
transects. * • p < 0.05, (R) = Rested.

Pasture

1984
Cover Type

Meadow
Forest

UN(R)

146
147
293

Meadow
Forest

209.8
83.2
X2 =

LN

LS

US

Observed Frequencies
195
26
93
42

288

11
38

68

49

Expected Frequencies
208.2
23.9
79.8
44.1

21.9
27.2

68.3*
3.0
0.3
9.7*
p < 0.001 p = 0.082 p = 0.590 p = 0.002

Pasture

1985
Cover Type

UN

US

LS

LN(R)

Observed Frequencies
Meadow
Forest

Meadow
Forest

42
12

66

26
38

15

20

54

86

64

31

38.7
15.3
X2 =

16

Expected Frequencies
62.1
22.5
13-8
23.8
41.5
17.2

0.8
0.2
0.8
1.0
p = 0.315
0.357
0.357
0.671
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1984

1985

RESTED

G I '

100i

*

LS

LN

US

UN

LOWER
UPPER
PASTURES

Fig. 2-2.

Forest use by elk during 1984 and 1985, expressed in proportions
of pellets counted on transects. * = p < 0.05.
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Forest use by elk increased during the 1984 grazing season in the rested UN
pasture, from 21% during July to 79% during September. Forest use in US pasture
decreased initially from 50% to 19% during July, before cattle use of the pasture,
and then increased to 38% during grazing in August.

Elk use of forests in LS

pasture declined from 79% to 57% during grazing in July and increased to 75%
following grazing.

Forest use of LN pasture increased from 75% to 88% during

grazing in September.
During 1985, forest use decreased in UN pasture from 48% to 24% during
July, prior to cattle grazing in the pasture.

During cattle grazing, elk use declined

in the pasture, with no use recorded during late August.

Use of forests in US

pasture also decreased prior to grazing, followed by a decline in use of the
pasture, with only one pellet recorded prior to rotation during early August.
Following rotation of cattle from the pasture, elk use of the pasture increased.
However, the small sample size prevented an assessment of forest use.

Use of

forests increased in LS pasture from 52% during July to 72% during August and
then declined to 56% during grazing in September. Sample size was insufficient to
interpret use in the rested LN pasture until September, when use of forests was
similar to that in LN pasture (55%).
During 1985, of 100 pellets found in closed canopy forest, 27% were in the
edges, suggesting that about one-quarter of elk use of dense forest areas was
along the edges.

Elk use of edges varied from about 13% to 35% in the four

pastures, with greater use of edges in the grazed than in the rested lower pasture.
However, the greatest variation in use of edges was noted in the upper pastures,
both of which were grazed during 1985.
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Elevation
Elk made greater use of the lowest elevations, those below 2,530 m, during
1985, when one of the lower pastures was rested.

Nearly half (45%) of elk use

was below 2,530 m during 1985, and only 21% during 1984, when both lower
pastures were grazed.
When cattle use shifted from a lower pasture during July 1984 to an upper
pasture during August, elk use increased at higher elevations, those above 2,620 m,
though the change in use was not significant (Table 2-10).

When cattle use

shifted to a lower pasture during September, a significant increase was noted in
elk use below 2,620 m (Table 2-10), though most of that use (84%) was in the
ungrazed lower pasture (Table 2-1).
When cattle grazed upper pastures during both July and August and a lower
pasture during September 1985, elk use shifted from higher elevations during July
(69% above 2,620 m) to lower elevations during August (75% below 2,620 m) and
September (79% below 2,620 m). The change in use was significant between July
and August but not between August and September (Table 2-11).
Elk made significantly greater use of higher elevations during 1985 in both
upper pastures (Table 2-12), a shift apparently unrelated to cattle grazing.

During

1984 UN pasture was rested and US grazed, and during 1985 both pastures were
grazed. Elk use during the 1984 grazing season increased in the higher elevations
in the rested UN pasture and the grazed US pasture.

Between July and August

1984, a significant increase was noted in use of higher elevations in the rested UN
pasture and US pasture grazed during August (Table 2-13).

18

Table 2-10.

Elk use of elevations above and below 2,620 m between July
and August and between August and September 1984,
expressed in pellets counted on transects and proportions of
pellets (in parenthesis).

Elevation
Month

<2,620 m

>2,620 m

Total

July
August

147(.48)
130(.42)

157(.52)
180(.58)

304
310

August
September

277
337
X2 = 2.6, p = 0.106

614

130(.42)
53(.60)

310
89

180(.58)
36(.40)

183
216
X* = 8.8, p = 0.003

399
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Table 2-11.

Elk use of elevations above and below 2,620 m between July
and August and between August and September 1985,
expressed in pellets counted on transects and proportions of
pellets (in parenthesis).

Elevation
Month

<2,620 m

>2,620 m

Total

July
August

40(.32)
30(.75)

87(.68)
10(.25)

127
40

97
= 2 3 . 3 , P < 0.001

167

70
X2

August
30(.75)
September 64(.79)

10(.25)
17(.21)

40
81

94
27
X2 = 0.2, p = 0.624

Table 2-12.

121

Elk use of elevations above and below 2,620 m in the upper
pastures between 1984 and 1985, expressed in pellets counted
on transects and proportions of pellets (in parenthesis).

UN Pasture

US Pasture

Year

<2,620 m

>2,620 m Total

<2,620 m

1984
1985

51 (-17)
3(.06)

242( . 8 3 )
51(.94)

293
54

157 (.54)
23(.27)

13K-45)
63(.73)

288
86

54

293

347

180

194

374

X 2 = 4.7, P = 0.030

>2,620 m

Total

X 2 = 20.8, p < 0.001
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Table 2-13.

Elk use of elevations above and below 2,620 m in the upper
pastures during July and August 1984, expressed in pellets
counted on
transects and
proportions
of
pellets
(in
parenthesis).

UN Pasture(Rested)
Month

<2,620 m

>2,620 m Total

July
50(.35) 94(.65)
August
1(.01) 114(.99)

144
115

51
208
259
2
X = 46.4, p < 0.001

US Pasture(Grazed)
<2,620 m

>2,620 m Total

78(.55)
15(.31)

63(.45)
33(.69)

141
48

93
96
189
2
X = 8.3, P = 0.004
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Slope
Elk and cattle use of the study area was predominantly on slopes of less
than 20%, with about half of both elk and cattle use on moderate slopes, those
between 10 and 19% (Fig. 2-3).

Cattle use was greater than elk use on gentle

slopes, with about one-third of cattle use on slopes of less than 10%. Elk use was
greater on steep slopes, with nearly one-third on slopes greater than 20% (Fig.
2-3).
Elk use of the rested upper pasture (UN) increased on the gentle slopes,
those less than 10%, between July and August 1984, though the increase was not
significant (Table 2-14).

In the upper pasture grazed during August (US), use of

gentle slopes declined significantly between July and August (Table 2-14), a shift
away from gentle slopes in apparent response to cattle grazing.
A significant difference was found between the two upper pastures in elk use
of nearly level terrain, slopes less than 5%, during July 1985, with greater use of
nearly level terrain in the deferred UN pasture than in the grazed US pasture (Table
2-15). Slope use relevant to cattle grazing also differed in the two lower pastures
during 1985. A significant increase in use of steep slopes, those greater than 20%,
was noted between August and September in the lower pasture grazed during
September (LS), and a decrease, though non-significant, was noted in the rested
lower pasture (LN) during the same period (Table 2-16).
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Cattle

0-4

5-9

10-19
PERCENT

Fig. 2-3.

20-29

Elk

30 +

SLOPE

Elk and cattle use of five slope categories during 1984 and 1985
combined, expressed in percent of pellets and cow chips recorded
on transects.
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Table 2-14.

Elk use of slopes less than or greater than 10% in the upper
pastures during July and August 1984, expressed in pellets
counted on transects
and proportions of pellets
(in
parenthesis).

UN Pasture
(Rested)

Month

<1055

>102

July
17(.12)
August 23(.20)

144
115

219
259
p = 0.069

38(.27)
6(.12)

>102

Total

103(-73)
42(.88)

44
145
X2 = 4.1, p = 0.041

141
48
189

•

X

Table 2-15.

<10^

Total

127(-88)
92(.80)

OC
OC
II

JVC

40

US Pasture
(Grazed during August)

Elk use of slopes less than or greater than 5% in the two
upper pastures during July 1985, expressed in pellets counted
on transects and proportions of pellets (in parenthesis).

Pasture
UN
US

Percent Slope
<5%
>5%
13(.26)
1(.02)

37(.74)
52(.98)

50
53

14
89
103
2
X = 12.7, p < 0.001
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Table 2-16.

Elk use of slopes less than or greater than 20% in the lower
pastures during August and September 1985, expressed in
pellets counted on transects and proportions of pellets (in
parenthesis).

LS Pasture
(Grazed during Sept.)
Month

< 202

August
September

17(.94) 1(.06)
12(.40) 18(.60)

LN Pasture
(Rested)
< 202

> 202
18
30

29
19
48
X2 = 13-9, P < 0.001

6(.67)
19(.86)

>202

3(.33) 9
3(.14) 22

25
6
31
X2 = 1.7, P = 0.212
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Early Summer Elk Use
No relationship was noted between early summer elk use and the previous
year's cattle use of each pasture (Fig. 2-4). In the two lower pastures during 1984,
elk use was greater in the pasture with less cattle use from the previous year,
suggesting avoidance by elk of the heavily grazed pasture.

However, during 1985,

elk use was similar in the two lower pastures with no relationship to cattle use the
previous year. In the two upper pastures during 1984, elk made greater use of the
pasture grazed the previous year, and during 1985 made greater use of the pasture
rested the previous year, suggesting no cause and effect relationship between
early summer elk use of pastures and cattle use the previous year.
In general, the relationship between elk use and cattle use from the previous
year in each segment in the four pastures was unclear.

However, where sample

sizes were sufficient for both elk and cattle, as in US pasture during 1984, an
avoidance by elk of

segments grazed the previous year was suggested

by

segments with high numbers of old cow chips and few or no recent elk pellets.
Conversely, segments with high numbers of elk pellets had few or no old cow
chips.

The seven segments with the highest number of elk or cattle droppings

were all in meadows (grasssland or sagebrush), suggesting selection of these sites
by both elk and cattle, but avoidance by elk of meadow sites with heavy cattle use
from the previous year. This pattern was also found in UN and LS pastures during
1984, though sample sizes were smaller.
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Early summer elk use in relation to the previous year's cattle use
in the four pastures, expressed in recent elk pellets and old cow
chips counted on the first transect during 1984 and 1985.
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Telemetry Locations and Observations
Movements of a cow-calf group of 80 to 250 elk during the 1984 grazing
season indicated a response to cattle grazing (Fig. 2-5). During a 10-day period in
late July, the herd was noted in an upper, ungrazed pasture (US, the pasture rested
the previous year).

Cattle were generally restricted to a lower pasture (LS) during

this time. When cattle were moved into US pasture during a 5-day period in early
August, the cow-calf group apparently remained in the pasture until the move was
completed. Before the move was completed, 40-80 elk were noted grazing in the
evening into a meadow in which about 40 cattle were grazing.

The following

morning the elk herd moved away from the cattle and, the next day, moved out of
the grazed pasture.

Thus, by the completion of the cattle movement into the

pasture, the cow-calf group had left the pasture. The herd was located a few days
later in steep and rugged terrain generally inaccessible to cattle along the south
boundary of the grazed pasture, away from major cattle concentrations.

During

late August, this herd was noted in the ungrazed pastures north of the grazed (US)
pasture.

Prior to the cattle move to the third pasture in the rotation during late

August, the cow-calf group left the study area and presumably dispersed into
smaller subgroups.
During 1985, a cow-calf group was at upper elevations on the south and
west edges of US pasture for about a week during mid-July, when cattle were first
introduced to that pasture.

During that period, nearly all the cattle were in the

lower elevations on the north and east sides of the pasture.

During late July,

when cattle had dispersed throughout US pasture, the elk herd was noted in the
ungrazed pasture and out of the study area to the west.
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O IN UNGRAZED PASTURE
• IN GRAZED

2-5.

PASTURE

Locations of an elk herd on the Wall Creek Study Area during
1984 in relationship to cattle grazing. 1 - Late July (cattle in LS
pasture).
2 - Early August (cattle gradually moved into US
pasture). 3 - Mid-August (elk in areas inaccessible to cattle). 4 Late August (cattle still in US pasture).
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No elk locations or observations were made in UN pasture during the 3 week
period (8-28 August) that cattle grazed the pasture. During that period, there was
some movement of elk back into US pasture, despite the fact that the upper gate
between the two upper pastures was left open after the move to UN pasture, and
cattle were free to graze both pastures.

However, most cattle remained in UN

pasture.
Following movement of cattle to a lower pasture (LS) in late August, elk were
noted with increasing frequency in US pasture.

Bugling was often heard in US

pasture during this period and most elk were in small cow-calf groups usually with
a bull in attendance. A group of more than 30 was seen as late as 19 September
in US pasture.
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DISCUSSION
Elk made about 7 times more use of the upper than the lower pastures
during 1984, when only one upper pasture was grazed, and about twice the use
during 1985, when both upper pastures were grazed. These findings support those
of

Eustace

(1967),

who

indicated

relatively

little

summer

use

of

areas

encompassing the lower pastures of the study area. These data also suggest that
elk avoid the upper pastures when they are grazed by cattle.

In addition, the

decline in use between the 2 years was greater in the upper pasture rested the
first year.

That a decline in elk use also occurred in the upper pasture grazed

during both years may be attributable to the fact that it was grazed by cattle
earlier and longer during the second year.

A warmer, earlier spring in 1985,

allowing elk earlier access to higher summer range beyond the study area, may
also have accounted for less use of the upper pastures.
When cattle grazed an upper pasture, elk use increased in lower pastures.
When cattle grazed a lower pasture, elk made greater use of upper pastures,
except during September. Factors unrelated to cattle grazing may have accounted
for September use of lower pastures.

Early snowstorms and cold weather in

September probably induced elk movements to lower elevations.
Elk made greater use of the rested upper pasture during 1984, suggesting
avoidance of the grazed upper pasture. Other pasture comparisons also suggested
an avoidance response to cattle.

There was a greater decline between years in

use of the upper pasture rested during 1984, compared to the upper pasture
grazed during both years.

Further, there was a greater decline during the period
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the upper pasture was grazed during 1985, compared to the decline during the
same period during the year it was rested. The upper pasture grazed earliest and
containing some cattle nearly throughout the 1985 grazing season received more
season-long elk use than the upper pasture grazed later.

However, most of the

recorded elk use in the grazed pasture occurred before cattle entered the pasture
or shortly thereafter (60%) or during September (30%), after nearly all cattle had
been moved from the pasture.

All of the recorded elk use in the other upper

pasture during 1985 occurred before or after the peak grazing period.
Season-long elk use of the two lower pastures was similar between years,
but the pasture grazed during 1985 (LS) received greater use than the rested lower
pasture (LN).

However, 67% of the seasonal use of the rested pasture occurred

during September, and only 40% of the seasonal use was noted during September
in the lower pasture grazed during that month. Use of that pasture during grazing
was probably, at least in part, a result of additional factors unrelated to cattle.

As

mentioned above, September snowstorms may have induced movement to lower
elevations, and use of the two lower pastures was probably related to proximity to
escape cover used by elk that may have been disturbed by September bowhunters.
The lower pasture grazed during September 1985 (LS) was closer to elk travel
corridors and steep, rugged terrain along the south side of the pasture used as
security cover.

Several radio-collared elk, possibly part of a large herd, were in

this area during early September of both years.

Elk using the grazed pasture may

also have segregated from cattle by a shift to steeper slopes when cattle were in
the pasture.
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The model proposed by Painter (1980) predicted no effect on elk use at cattle
densities of less than about 5/km 2 , a decline to about 33% with cattle increases to
approximately 14/km 2 , and a decline to 0% elk use at about 58 cattle/km 2 .

Cattle

densities on the Wall Creek study area varied from about 70 to 160/km 2 in the four
pastures, and, due to lack of use of varying portions of the pastures, densities
were probably much higher in those areas receiving use. Though elk use declined
to low or even undetectable levels during grazing in the upper pastures during
1985, some elk use of grazed pastures at densities much higher than 58/km 2
indicate a higher threshold level than in the model proposed by Painter (1980).
However, elk and cattle were observed in close proximity on only one occasion.
When cattle concentrate in large groups during the summer, elk are apparently
able to segregate from them within grazed pastures.
The decrease in elk use of forest cover in all four pastures between the 2
years was apparently unrelated to cattle. Use of forest cover decreased in both a
rested and a grazed pasture between the years.

No relationship was apparent

between forest use and grazing during the grazing season either, with forest use
declining with grazing in some pastures and increasing with grazing in others.

On

summer range in Utah, elk habitat preferences were less well defined than those of
cattle and changed through the season (Julander and Jeffery 1964). Similar results
were obtained during this study, with elk use of cover types variable and lacking
any apparent pattern.
The efficacy of the pellet count method in accurately assessing elk use of
vegetation types and forage has been questioned (Collins and Urness 1979, Miller
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et al. 1981).

In aspen and lodgepole pine habitats of north-central Utah, Collins

and Urness (1979) found that elk defecated most when traveling and suggested
that habitats important for feeding would be underestimated by the pellet count
technique.

Further, they found significant differences between observed use and

pellet counts in vegetation types within the two broad habitats.

However, overall

elk use of the two broad habitats was reliably estimated by the pellet count
technique in their study (Collins and Urness 1979).

It appears, then, that the

method provides reliable estimates of use of broad vegetation categories, such as
the forest and meadow cover types on the Wall Creek study area but not of use
on a finer scale.

For example, use of aspen on the Wall Creek area would not be

very reliably estimated by the pellet count method, as aspen occurs on less than
1% of the area and is often in small, interspersed stands.
In western Montana, Marcum and Scott (1985) found that elk selected areas
with closed forest canopies during warm, dry summers, and, on ponderosa pinebunchgrass range in central Arizona, Wallace and Krausman (1987) found that elk
use shifted from open areas to more closed forest
introduced.

sites after cattle

were

In my study, elk use of forests decreased during the warmer, drier

summer of 1985 and was unrelated to cattle use.

Lack of patterns in the use of

forests in relation to cattle grazing may have been a result of the availability of
ungrazed summer range adjacent to the study area.
Elk made greater use of higher elevations in a grazed upper

pasture,

compared to use of the rested upper pasture, suggesting segregation from cattle
that tended to use the lower elevations.

However, use of higher elevations during
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grazing in lower pastures was inconsistent with more in one pasture and less in
another, and may have been more related to season than cattle use. Sample sizes
were small in lower pastures.

In general, evidence of elevational segregation was

inconclusive.
In central Idaho, elk used steeper slopes and higher elevations in grazed than
in ungrazed pastures (Yeo 1981).

I also found that elk used steeper slopes than

did cattle, though a cause and effect relationship with cattle was unclear.

In

several instances cattle grazing appeared to result in elk use of steeper slopes.
A negative relationship between early season elk use and the previous year's
cattle use in meadows was suggested by pellet and cow chip counts in segments
on the first preseason count. Those meadow segments with the highest cow chip
counts contained low elk pellet counts, and, conversely, those with the highest elk
pellet counts contained low cow chip numbers.

Other investigators found positive

relationships between elk use of sites previously grazed.

In northeastern Oregon,

Anderson and Scherzlng'er {1975) noted an increase in elk use of areas on winter
range grazed by cattle in spring. Elk were also found to select spring feeding sites
previously grazed by cattle in southwestern Montana (Grover and Thompson 1986).
Conversely, in northern Arizona, cattle used areas preferred by elk the previous
year and elk avoided those areas (Mcintosh and Krausman 1982).
Elk herd movements during both years were away from cattle concentrations,
either out of the grazed pasture or to pasture margins. Locations of individual elk
and smaller groups also indicated greater use away from cattle concentrations.
The only observation of elk and cattle in close proximity occurred during 1984
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when part of the elk herd grazed into a meadow with about 50 cattle.

This

occurred in the evening prior to the completion of the cattle move to the pasture.
The elk herd apparently remained in the vicinity of a small group of cattle
throughout the night, as they were observed in the same area the following
morning. During early morning, they moved away from the cattle, and, by the end
of the day when the cattle move to the pasture was completed, they had moved
away from the cattle to the periphery of the pasture.
Crepuscular and nocturnal observations and locations of radio-instrumented
elk, though limited, suggested greater use of the study area during the night, when
cattle were usually bedded.
several investigators.

This finding is supported by the conclusions of

Craighead et al. (1973) found 35% of summer elk feeding

activity was nocturnal in Yellowstone National Park.

During nocturnal locations,

Stehn (1973) found elk were active 66% of the time in summer.

Lieb (1981) noted

that Roosevelt elk were active about 50% of the time during summer nights. Thus,
in my study, temporal as well as spatial segregation was indicated.
Results of observations, radio locations, and pellet transects support a
conclusion of disturbance competition.
the proposed hypotheses.

However, data are not consistent with all

The working hypotheses were all predicated on an

assumption of no disturbance competition between cattle and elk.

The first two

hypotheses can be rejected in favor of a conclusion that elk make greater use of
rested than grazed pastures, where other environmental factors do not mask the
effect of grazing, and that elk make greater use of pastures before and after cattle
grazing than during grazing.
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Variability in the data precluded any conclusion with regard to the third
hypothesis, that use of forest cover would be related to cattle grazing.

The

assumption was that, if disturbance competition occurs, elk that remain in the
grazed pasture will make greater use of forest cover, away from cattle that are
largely concentrated in the meadows.
Findings relevant to the final hypothesis, regarding use of slopes and
elevations under grazed and ungrazed conditions, indicated segregation from cattle
by use of steeper slopes.

However, the question of selective use of different

elevations was largely unresolved because of variability in the data.
Testing of all the hypotheses and ultimately addressing the question of
disturbance competition was confounded by the availability of extensive areas of
elk summer range adjacent to the study area.

Thus, elk were not restricted to

range managed for livestock. During the summer of 1985, a sheep band grazed an
area above but not contiguous with the study area. Elk observations and locations
suggested a more restricted use of adjoining areas during that year.

When the

sheep band moved to an area closer to the study area, a large herd of elk was
observed moving into a steep drainage forming the northwest boundary of the
study area, apparently in response to the sheep and/or herder.

The fact that elk

did not make greater use of the study area during 1985 and a large herd or herds
remained in more precipitous areas of seemingly lower forage quality adjacent to
the area may have been the result of nearly season-long cattle use in the upper
pastures.
Management

implications

of

this

study

are

that,

though

disturbance

competition affected elk to an unknown degree, the availability of rested and
ungrazed pastures on the study area and ungrazed areas off the study area would
seem to mitigate against any serious conflict between elk and cattle.

The rest-

rotation grazing system seems to be an effective management tool for providing
for the needs of summering elk.

However, when cattle are not confined to one

pasture and are allowed to move freely between two or more pastures, as
occurred during 1985, the rest-rotation system loses effectiveness in providing
space and forage for elk.
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